The insecticide cyolan was examined for the induction of mitotic and meiotic abnormalities and changes in the banding patterns of M2 seed storage protein in Vicia faba plants. The used insecticide solution had mitodepressive effect and induced a wide range of mitotic and meiotic abnormalities. On the protein level, the results for the 3 major fractions of seed storage proteins in Vicia faba, as revealed by SDS-polyacrylamide gel electrophoresis, showed mutagenic effects for insecticide. In general, all treatments caused decrease in the amount of proteins.
Pesticides have been employed on a wide scale in the Egyptian agriculture. The possible mutagenic and carcinogenic natures of some of the agricultural chemicals have been suggested by many authors (Badr and Ibrahim 1987 , Kumar et al. 1995 , Natarajan 1996 , Burroughs et a/.1996 . It has been proven that Vicia faba is an excellent model for the assay of chromosomal aberrations after chemical treatments (Ma 1982) . Abdelsalem et al. (1993b) used electrophoretic banding patterns of seed storage proteins for monitoring the mutagenic effects of pesticides.
The present work was planned to study the mutagenic effect of the organophosphorus insecticide cyolan using Vicia faba as a biological system.
Materials and methods

Insecticide
Cyolan (phospholan), [2-(diethoxy-phosphinylimino)1,3-dithiolane] is a systemic organophosphorus insecticide, widely used for the control of a number of insects. It is a 25% emulsifiable solution produced by American Cyanamid Company and applied for control leaf worm at rate of 750 g (ED) active ingredient per ha.
Cytological experiments
Mitosis. Vicia faba seeds were germinated in water. After the roots were 2-3 cm long, they were placed in test solutions for 6, 12 and 24 h. Control seeds were placed in tap water. After each interval of treatment the roots were cut and fixed immediately in acetic acid-absolute ethyl alcohol (1: 3) for 24 h. The root tips were stained using the Feulgen squash technique. Six roots were examined for each concentration.
Meiosis. Vicia faba plants were sprayed at the flowering stage with 3 concentrations of the insecticidal solution twice for 2 successive days. Control plants were sprayed with distilled water. Each group of plants consisted of 15 plants.
Flower buds were gathered 24 h after the treatment, fixed in Carnoy's fluid and stained using the aceto-carmine smear method.
Abnormalities were counted in the 1 st and 2nd meta-ana-, telophases and tetrads. Pollen mother cells (PMCs) of 6 plants at least were investigated for each treatment. testing many chemicals (Badr 1988 , Salam et al. 1993 , Abdelsalam et al. 1997 , George 2000 .
In the present study a wide range of chromosomal abnormalities were recorded in both mitotic and meiotic divisions after all treatments with Cyolan (Tables 2, 3 ). The induction of mitotic and meiotic abnormalities seems to be a common effect of most pesticides (Armbruster et al. 1991) . The most frequent types of abnormalities were stickiness, laggards, bridges, fragments, disturbed phases, micronucleus and multipolar cells. Chromosomal stickiness was recorded in both mitotic and meiotic division after most treatments. Stickiness has been attributed to the improper folding of chromosomal fibers that makes the chromatids connected by means of subchromatid bridges (Badr and Ibrahim 1987) . Stickiness has been also attributed to the reaction of the applied pesticid with DNA, proteins or both of them forming inter-and intrachromosomal cross links (Putil and Bhat 1992) . Chauhan et al. (1986) reported that subchromatid connections were seen under electron microscope after deltamethrin treatments.
Laggards were observed in both mitotic and meiotic divisions after all treatments with Cyolan. The induction of laggards could be attributed to the failure of the spindle apparatus to organize and function in a normal way (Patil and Bhat 1992) .
Disturbed stages were noticed after all treatments with insecticide. It could be attributed to the interference of the insecticide with tubulin and/or polymerization of the microtubular subunits forming the spindle apparatus (Pickett-Heaps et al. 1982) .
Bridges were induced in both mitotic and mitotic and meiotic division under the treatment (1) (2)
(3) (4) with Cyolan. They could be due to the breakage and reunion (EL-Khodary et al. 1990) or due to the general stickiness of chromosomes (Haliem 1990) . Chromosomal fragments, micronucleus and multipolar were also recorded after treatments with the insecticide. The induction of these abnormalities indicates the mutagenic potential of the applied insecticide.
Biochemical genetic analysis According to Matta et al. (1981) seed storage proteins in Vicia faba contain 3 major fractions. They are convicilin (molecular weight 64000 daltons), sicilian (molecular weight 48000, 32000 daltons) and legumin (constituted of 10 subunits of molecular weight ranging from 79000 to 37000 daltons). Fig. 1 , Table 4 and Figs. 2-4 demonstrate the changes in the protein banding patterns in M2 Vicia faba seed whose parents were previously sprayed with Cyolan insecticide. These changes included differences in band intensities or densities and subfractination. Table 4 demonstrates the different mean values of protein as well as their percentage to the control after the treatment with different doses of Cyolan. Also Fig. 1 the protein banding patterns. These changes included the high molecular weight proteins (HMwt.) which contain one zone, median molecular weight proteins (MMwt.) which contain 3 zones and low molecular weight proteins (LMwt.) which contain 2 zones. The results obtained showed that there were decreases in the amount of the HMwt. protein after all treatments (Table 4, Fig. 2 ). The treatment with 1/2RD caused an increase in the amount of protein in the 3 zones of MMwt. as well as the first zone of LMwt. protein (Table 4 , Fig. 3 ). On the other hand RD and 2RD caused a decrease in the amount of protein of the 3 zones of MMwt. and the first zone of LMwt. fractions. The proteins with the lowest molecular weight (the second zone of LMwt.) increased after different tested doses. These increases may due to the subfractionation of protein as a result of different treatments (Table 4, Fig. 4) .
The correlation between the alteration in the electrophoretic banding picture of seed proteins and mutational events has been demonstrated by the work of Salamini et al. (1979) on Phaseolus vulgaris and George (2000) on Vicia faba. Changes in band intensities were explained on the basis of occurrence of mutational events in the regulatory systems that control the concerned structural genes. This will lead to constitutive protein production or to attenuation or complete suppression for the concerned genes. This will produce an increase, or decrease in band intensity (Abdelsalam et al. 1993b , 1997 , Hassan 1996 .
The change in band intensity could be explained on the basis of cytological abnormalities produced by insecticide. The presence of laggards and bridges support this conclusion. This is in agreement with Muller and Gottschalk (1973), Gamal El-Din et al. (1988) , Abdelsalam et al. (1993a) .
Bands subfractionation could be attributed to occurrence of cytological abnormalities that lead to gene duplication followed by the occurrence of point mutation or more of the duplicated genes that encode for a particular band. This lead to the presence of 2 bands one of them with original molecular weight, the other with an altered one (Abdelsalam et al. 1993b , Hassan 1996 . Considering all data gained in the present study, it might be concluded that Cyolan is a strong mutagen.
